Quenching of tryptophan fluorescence by the active-site disulfide bridge in the DsbA protein from Escherichia coli.
The disulfide oxidoreductase DsbA is a strong oxidant of protein thiols and required for efficient disulfide bond formation in the bacterial periplasm. The enzyme consists of a thioredoxin-like domain and a second, alpha-helical domain which is inserted into the thioredoxin motif. Reduction of the active-site disulfide in the thioredoxin domain causes a more than 3-fold increase in tryptophan fluorescence. However, both tryptophan residues of the protein, W76 and W126, are not in contact with the disulfide and located in the alpha-helical domain. Analysis of the variants W76F and W126F revealed that the fluorescence of W126 is fully quenched in every redox state of DsbA. W126 is also a sink for nonradiative energy transfer from W76. In oxidized DsbA, W76 is quenched by an intramolecular, dynamic quenching process which involves energy transfer from W76 via F26 to the disulfide. The contributions of the disulfide bridge and the tryptophan residues to the near-UV CD spectra were also quantified. Analysis of the thermodynamic stabilities of the variants W76F and F26L revealed that the interdomain contact between W76 and F26 strongly contributes to the overall stability of DsbA, and selectively stabilizes its oxidized form. The DsbA variant F26L is the most oxidizing disulfide oxidoreductase known so far.